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ABSTRACT
V404 Cygni was discovered in 1989 by the Ginga X-ray satellite during its only previously observed X-
ray outburst and soon after confirmed as a black hole binary. On June 15, 2015, the Gamma Ray Burst
Monitor (GBM) triggered on a new outburst of V404 Cygni. We present 13 days of GBM observations
of this outburst including Earth occultation flux measurements, spectral and temporal analysis. The
Earth occultation fluxes reached 30 Crab with detected emission to 100 keV and determined, via
hardness ratios, that the source was in a hard state. At high luminosity, spectral analysis between
8 and 300 keV showed that the electron temperature decreased with increasing luminosity. This is
expected if the protons and electrons are in thermal equilibrium during an outburst with the electrons
cooled by the Compton scattering of softer seed photons from the disk. However, the implied seed
photon temperatures are unusually high, suggesting a contribution from another source, such as the
jet. No evidence of state transitions is seen during this time period. The temporal analysis reveals
power spectra that can be modeled with two or three strong, broad Lorentzians, similar to the power
spectra of black hole binaries in their hard state.
Keywords: V404 Cyg,black holes,LMXB
1. INTRODUCTION
V404 Cygni, hereafter V404 Cyg, was first identified
as an X-ray transient with the Ginga satellite during the
1989 flaring event (Makino et al. 1989). Using archival
optical data, V404 Cyg was associated with what was
thought to be a nova in two previous outbursts in 1938
and 1956. Optical observations after the 1989 flaring
event revealed an orbital ephemeris with an orbital pe-
riod of 6.5 days, an inclination of 56 degrees, and most
importantly a mass function of 6.08±0.16 M (Casares
and Charles 1994) making the source one of the first
confirmed black hole systems with a black hole mass ∼
10 M. A radio parallax distance of 2.39 ± 0.14 kpc
(Miller-Jones et al. 2009) allows precise estimates of the
intrinsic luminosity and makes this one of the closest
known black hole systems. V404 Cyg’s large separation
from its companion along with optical Hα observations
indicate that the system develops a very large accretion
disk which contains an inordinate amount of material
ensuring dramatic flares when the inner region of the
accretion disk breaks down (Remillard and McClintock
2006).
At 18:31:38 UT on 2015, June 15, the Swift Burst
Alert Telescope (BAT) triggered and located V404 Cyg
(Barthelmy et al. 2015). Twenty eight minutes later, the
Fermi Gamma Ray Burst Monitor (GBM) triggered on
an X-ray source with a subsequent ground localization
consistent with V404 Cyg.
2. GAMMA RAY BURST MONITOR
GBM is an all sky monitor whose primary objective
is to extend the energy range over which gamma-ray
bursts are observed in the Large Area Telescope (LAT)
on Fermi (Meegan et al. 2009). GBM consists of 12 NaI
detectors with a diameter of 12.7 cm and a thickness of
1.27 cm and two BGO detectors with a diameter and
thickness of 12.7 cm. The NaI detectors have an energy
range from 8 keV to 1 MeV while the BGOs extend
the energy range to 40 MeV. GBM has three continu-
ous data types: CTIME data with nominal 0.256-second
time resolution and 8-channel spectral resolution used
for event detection and localization, CSPEC data with
nominal 4.096-second time resolution and 128-channel
spectral resolution which is used for spectral modeling,
and Continuous Time Tagged Event (CTTE) data which
has a timing precision of 2µs. All three data types are
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utilized in the following analysis.
The GBM flight software was designed so that GBM
can trigger on-board in response to impulsive events,
when the count rates recorded in two or more NaI de-
tectors significantly exceed the background count rate
on at least one time-scale from 16 ms to 4.096 s in at
least one of four energy ranges above 25 keV. The lower
energy and longer time-scales are not used with the on-
board triggering algorithms owing to strong variations
in background rates that are incompatible with a simple
background modeling needed for automated operation
on a spacecraft.
3. OBSERVATIONS
GBM triggered on V404 Cyg 169 times between June
15-27. The source reached a brightness of 30 Crab with
emission to 300 keV. With an 8 sr field of view, GBM
was able to observe the entire outburst with a duty cy-
cle of 57%. GBM is not an imaging instrument but uses
the differential response of its 12 NaI detectors to lo-
cate sources to a few degrees (Connaughton et al. 2015).
Even though localization is possible, GBM’s high back-
ground rates can make analysis challenging. To miti-
gate this limitation, three techniques are employed to
analyze this source: the Earth occultation technique,
choosing times of high signal to noise such as GBM trig-
gered events, and using GBM’s 2µs timing precision to
extract temporal information from the data. These tech-
niques and their results are detailed below.
3.1. Earth Occultation Observations
The Earth Occultation software, described in detail
in Wilson-Hodge et al. (2012), fits the GBM CTIME
data with a quadratic background plus models of oc-
cultation steps for the source of interest and any other
bright sources occulting during the 4-minute fit window.
The occultation step models incorporate atmospheric
transmission and an assumed source flux model for each
source in the fit. Independent fits are performed for
each detector and each energy channel. For V404 Cyg,
the assumed flux model was based on INTEGRAL SPI
measurements (Rodriguez et al. 2015). Steps during so-
lar flares, and when the constant background term was
more than 3σ away from its Gaussian mean from pre-
outburst data 2008 August to 2015 June 16 were re-
moved from the analysis. High values of the constant
term correlate with periods of high KP index (high par-
ticle activity). Figure 1 shows the light curve based on
single occultation steps for V404 Cyg in the 8-300 keV
band (GBM CTIME channels 0-4). V404 Cyg flux mea-
surements in each energy channel were normalized to
the average flux for the Crab nebula and pulsar for the
time period 2015 June 17-July 2. Significant detections
of a source within a single occultation step with GBM is
unusual and is an indication of how bright V404 Cyg’s
flares were.
Figure 1. V404 Cyg light curve measured with Fermi GBM
in the 8-300 keV band. Fluxes are normalized to GBM mea-
surements of the Crab in the same band. Red circles indicate
3 σ or better detections in a single occultation step.
Remillard and McClintock (2006) described ways of
defining black hole states, including a method based on
radio properties, X-ray power density spectra, and hard-
ness intensity diagrams. Hardness ratios were defined
as 8.6-18.0 keV counts/5.0-8.6 keV counts measured
with the Rossi X-ray Timing Explorer (RXTE) Propor-
tional Counter Array, for which the Crab nebula yielded
HR=0.68. Remillard and McClintock (2006) found that
sources with HR>0.68, harder than the Crab Nebula,
corresponded to the hard state in both McClintock and
Remillard (2006) model and in the unified jet model
(Fender et al. 2004) and HR<0.2 corresponded to the
steep power law state. Further discussion in Remillard
and McClintock (2006), and references therein, points
out that in the hard state, an exponential cutoff near
100 keV is often found, while QPOs may or may not be
present. Remillard and McClintock (2006) emphasize
that luminosity is not a criterion for identifying X-ray
states in either prescription.
To compare GBM measurements of V404 Cyg to these
studies, hardness ratios were generated by dividing the
single step flux measured in the 12-25 keV band by the
flux in the 8-12 keV band, the lowest two bands available
in GBM data and closest to the canonical RXTE bands,
shown in Figure 2. The majority of the GBM hardness
ratios (blue diamonds in Figure 2) are harder than the
Crab, suggesting that V404 Cyg spent the majority of its
outburst in the hard state even though it was emitting
at a large fraction of its Eddington luminosity.
3.2. Spectral Analysis
During the hard state the BH disk is truncated and the
inner region is filled with a hot (> 50 keV) advection-
dominated optically thin accretion flow typically re-
ferred to as the corona. There are many unanswered
questions regarding the corona including its size, loca-
tion, and shape but it is generally agreed that the high
energy emission originates from the hot electrons up-
scattering soft photons from the accretion disk. We
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Figure 2. V404 Cyg hardness ratio (12-25 keV flux/8-12 keV
flux) vs total flux in the 12-300 keV range. The dashed ver-
tical line indicates the Crab hardness ratio for these bands.
It is at 1.0 because the fluxes are normalized to the Crab.
Blue diamonds indicate where V404 Cyg is harder than the
Crab and green diamonds indicate where V404 Cyg is softer
than the Crab.
performed spectral analysis of the hard X-ray emission
between 8 and 1000 keV in order to better understand
this hot Comptonized corona in the vicinity of the black
hole.
3.2.1. Data Selection
2000s of GBM CSPEC data centered on the trigger
times for all 169 triggers were selected for spectral anal-
ysis. Detectors with angles between the source and de-
tector bore sight greater than 60 degrees were excluded.
Using RMFIT, a forward-folding spectral analysis soft-
ware often used in GBM gamma ray burst studies1, a
polynomial background was fit to each detector in each
energy channel between 8 and 1000 keV using times
before and after the flare. Times around the trigger
times, when a flare was evident, were chosen and re-
sponse matrices were created from a response model
constructed from simulations incorporating the Fermi
spacecraft mass model into GEANT4 (Agostinelli and
et al. 2003). Source selection was limited to 200 s in or-
der to ensure that an adequate background model could
be fit and that the spacecraft response would not signif-
icantly change during the times of data selection. The
background subtracted data was fit using RMFIT to the
CompST model (Sunyaev and Titarchuk 1980) and the
1 http://fermi.gsfc.nasa.gov/ssc/data/analysis/rmfit/
residuals in each detector were compared for consistency.
Consistent residuals across detectors are an indication
that the background selection is reasonable. Triggered
events in which a good background model could not
be constructed were rejected. For the remaining 155
events in which an acceptable spectral fit was possible,
the background and the total spectrum were exported
for analysis in XSPEC (Arnaud 1996).
3.2.2. Integrated Spectral Analysis Results
We chose spectral models to model the hot comp-
tonized corona surrounding the black hole. The
CompTT model (Titarchuk 1994) and the RE-
FLECT*CompTT were successful in representing the
data. The REFLECT*CompTT model resulted in a re-
flection component that often dominated the spectrum
where Ω/2pi >> 1.0. The CompTT model alone re-
sulted in a high seed photon temperature that averaged
above 5 keV. We fixed the seed photon temperature to
1 keV and fixed the reflection amplitude to Ω/2pi = 1.0
for the REFLECT*CompTT model. In 130 out of 155
spectral fits we were able to reject (68% level and 110
out of 155 at the 95% level) the REFLECT*CompTT
in favor of the CompTT model with the high seed pho-
ton index. In addition the REFLECT*CompTT model
with amplitude and seed photon temperature fixed often
resulted in a high (τ = 3.3) optical depth.
We also choose the CUTOFFPL model for its sim-
plicity but the model was less successful at represent-
ing the data. The high energy cut-off, at times, was
much lower than the 100 keV often observed for stellar
mass black hole systems in the hard state (Malzac 2012;
Remillard and McClintock 2006) and often near GBM’s
low energy threshold resulting in fits with unconstrained
parameters and very hard indexes. Nevertheless, the
CUTOFFPL is useful for tracing the spectral variability
between triggered flares and there is no evidence for sys-
tematic softening or hardening of the spectrum during
this period.
The CompTT model seed photon temperature,
kTphoton, is a free parameter and allows us to probe
emission from the up-scattering of hot seed photons
as apposed to the CompST model which assumes a
cold distribution of seed photons. The CompTT model
fits resulted in an average seed photon temperature of
5.9±1.3 keV consistent with INTEGRAL observations
(Natalucci et al. 2015; Roques et al. 2015). This high
photon seed temperature is inconsistent with photons
from an accretion disk (kTphoton < 1 keV) and the cold
photons assumed in the CompST model. The average
optical depth, τ , is 1.45 ± 1.0 (σ¯τ = 0.56) (see Figure 3)
which is consistent with the moderate electron temper-
atures measured for this source (Droulans et al. 2010;
Malzac 2012).
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The results for the CompTT model are summarized in
Figure 3 and detailed in the online table. The χ2 could
be improved be ignoring the energy band between 30 and
40 keV where there is a poorly modeled K-edge. The K-
edge does not affect the spectral results only the quality
of the fit and removing those energy bins makes it more
difficult to constrain the parameters. There does not
appear to be any evolution in the spectral parameters
that would signify a state change.
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Figure 3. Time integrated spectral model fitting the trig-
gered event bn150626171 using 12 seconds of triggered data.
The figure on the top left is the spectral fit using the CompST
model with residuals below. The red and black points are
the normalized counts from two of the NaI detectors while
the red and black curves are the best fit model. The figure on
the bottom left is the spectral fit using the CompTT model
with residuals below. The best fit parameters are given in
the figures. The figures on the right are the same fit results
as the left except shown as the unfolded spectrum (E F(E)).
The fit for the CompTT model is a significant improvement
over the CompST model.
3.2.3. Time Resolved Spectral Analysis Results
Time resolved spectral analysis was performed on a
few bright triggered flares to examine spectral variation
within a flare. Ten second intervals were used for the
time resolved analysis and an instrument response ma-
trix was created for the centroid of each time interval.
Only the CompTT model was used to fit the time re-
solved data. The trigger bn150625400 was chosen be-
cause it spanned a wide range of luminosities. The trig-
gers bn150626685 and bn150626751 were chosen for their
high luminosity while bn150626156 was chosen for its
moderate luminosity. For the individual triggers, the op-
tical depth varied very little therefore the optical depth
was frozen at the best parameter fit from the time inte-
grated spectral analysis. Figure 5 shows how the elec-
tron and photon temperature evolve during the bright
flare, bn150625400. There is only a small segment of
time between 280 and 350 s where the electron temper-
ature and photon temperature appear correlated.
Figure 4. Time integrated spectral results for each triggered
event specified by days in June. Only the results where the
electron temperature can be constrained are shown. The
top panel is the electron temperature which generally varies
between 10-40 keV. The panel below is the optical depth
which varies between 1 and 4. The third panel is the seed
photon temperature which varies between 2 and 8 keV. The
last panel shows the reduced χ2 for the fit. For GBM data,
anything below 1.6 is considered a successful fit.
3.3. Temporal Data Analysis
3.3.1. Data Selection
GBM CTTE NaI data between 8 and 100 keV were
selected between 2015 June 15–27. Times during SAA
passage, times when V404 Cyg was occulted by the
Earth and times during high particle activity were ex-
cluded from the analysis. The data selection resulted in
good time intervals (GTIs) that were a few×1000 sec-
onds long. On a 100 second cadence, the selected CTTE
data were combined for all the detectors which had a
source to detector bore sight angle of less than 60 de-
grees, and binned to 1 ms, to produce 100 second long
light curves. The light curves were Fourier transformed
producing power spectra with a frequency range of 0.01–
500 Hz. The power spectra for each GTI were averaged
to reduce the variance resulting in 214 power spectra.
Although source and background count rates were not
available for all observations, the power spectra that
were studied in detail (see below), were all rms normal-
ized (Belloni and Hasinger 1990; Miyamoto et al. 1991).
We note, however, that the source and background rates
used for the rms normalization are estimates based on
the spectral analysis.
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⌧ = 3.0
Figure 5. The top figure shows the evolution of the
photon seed temperature during the GBM triggered flare,
bn150625400, while the bottom figure shows the evolution
of the electron temperature. The horizontal axis is time in
seconds with T0 = 2015-06-25 09:33:43.6 UT. The optical
depth, τ , is fixed to the best fit time integrated value.
3.3.2. Temporal Analysis Results
All 214 power spectra were visually inspected. For
the ones from low-count-rate observations no significant
power is seen. However, the power spectra from obser-
vations during bright flares are of high quality and show
significant power. In Figure 6 we show five normalized
power spectra from the period of June 26–27, during
which the source reached its peak brightness. They are
representative of the power spectra during other flares.
The power spectra are dominated by strong broad fea-
tures, similar to Ginga power spectra of V404 Cyg dur-
ing its 1989 outburst (Oosterbroek et al. 1997). No
narrow QPO features were seen. The integrated frac-
tional rms in the 0.01–100 Hz band ranged from ∼35%
to ∼50%.
Like the Ginga power spectra, we find that the
Fermi/GBM power spectra of V404 Cyg can be fitted
well with two or three broad Lorentzians, where we
define the Lorentzians as (P (ν) = (r2∆/pi)[∆2 + (ν −
ν0)
2]−1). Here ν0 is the centroid frequency, ∆ the half-
width-at-half-maximum, and r the integrated fractional
rms (from −∞ to ∞). Instead of ν0 and ∆ we will
quote the frequency νmax at which the Lorentzian at-
tains its maximum in νP (ν) and the quality factor, Q,
where νmax = ν0(1 + 1/4Q
2)1/2 and Q = ν0/2∆. In
some cases an additional power-law at low-frequencies
provides a minor improvement to the fits, but for rea-
sons of consistency this component was left out of our
final model.
The Lorentzian fits to the power spectra are shown
in Figure 6. As can be seen, the Lorentzians are well-
separated in frequency. Small shifts in the frequencies
of the Lorentzians are seen, but the overall shape of the
power spectra remained the same, with perhaps an ex-
ception in the bottom panel of Figure 6. This was also
mostly the case for the Ginga power spectra reported by
Oosterbroek et al. (1997), who only observed one clear
exception from the usual shape in their set of power
spectra. The νmax ranges for the three Lorentzians
are: ∼0.016–0.04 Hz, ∼0.47–0.87 Hz, and ∼2.7–4.8 Hz.
The Q-values of the broad noise features were less than
0.8 and in most cases were fixed at 0. The fractional
rms amplitudes of the low-, mid-, and high-frequency
Lorentzians were ∼31–36%, ∼16–28%, and ∼15–23%,
respectively. The full list of fit parameters is given in
Table 1. Note that the quality of the June 27 power
spectrum in Figure 6 was not high enough to separately
fit the two highest-frequency components, and only two
Lorentzians were used to fit this power spectrum.
4. DISCUSSION
For a 10M black hole the Schwarzschild radius is
RS = 3 × 106 cm and the Eddington luminosity is
LEDD = 1.26 × 1039 erg s−1. The luminosities calcu-
lated for GBM data are from 10-1000 keV. Significant
flux is expected below 10 keV therefore our luminosi-
ties represent lower limits to the bolometric luminosity.
It is probable that V404 Cyg reached or exceeded the
Eddington luminosity during the 2015 outburst.
4.1. Spectral Modeling
Initially a comptonized model by Sunyaev and
Titarchuk (1980) (CompST in XSPEC) was chosen
to model the emission from hot coronal electrons up-
scattering the cold accretion disk photons. This model
was chosen for its small number of parameters and its
physical description of the emission region. The model
was often a poor description of the GBM data, espe-
cially during bright flares, and resulted in a large opti-
cal depth, tau (see Figure 3) which is inconsistent with
the low electron temperatures. Two absorption models,
PHABS and PCFABS in XSPEC, were used to improve
the model fit. Both absorption models predicted ex-
tremely high absorption ((100− 1000) ×1022 cm2) that
is unsupported by soft X-ray observations (Motta et al.
2015). A reflection model (REFLECT in XSPEC) was
also used to attempt to improve the CompST fit. The in-
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Figure 6. A sequence of five power spectra of V404 Cyg
from June 26–27. Models fits with two or three Lorentzian
are shown in red; individual Lorentzians are plotted in gray.
Corresponding dates are shown in the upper right corners.
See Table 1 for fit parameters.
clination of the the accretion disc was fixed to 56 degrees
(Khargharia et al. 2010) and the redshift fixed to zero
reflecting our proximity to the source. The new model
was again preferred over just the CompST model but
resulted in an unphysical reflection component which
exceeded the unreflected component which requires ex-
treme relativistic light bending (Fabian 2013). Other
issues with the REFLECT*CompST model was, again,
an excessively large optical depth that was often greater
than 10. The CompST model was abandoned in favor
of the more flexible CompTT model.
The CompTT model resulted in a seed photon temper-
ature that was too hot to originate from the accretion
disk. Including a reflection model and fixing the seed
photon temperature to 1 keV resulted in reasonable fits
for GBM data but the reflection component was often
unphysically large (Ω/2pi >> 1) as well as the optical
depth (τ = 3.3 with reflection as apposed to τ = 1.6
without reflection). The spectrum from V404 Cyg has
significant curvature around 20 keV which, assuming a
comptonized model, may be fit with a high seed pho-
ton temperature or scattering a large number (on the
order of the number of photons in the unreflected spec-
trum from 8 - 100 keV) of high energy photons down
to lower energy and into the observers line of sight. By
fixing the reflection amplitude to 1.0 and fixing the seed
photon temperature to 1.0 keV we refit all the spectra
and compared the results to the CompTT fit with no
reflection and the seed photon temperature as a free pa-
rameter. Overall the CompTT model with the high seed
photon temperature resulted in a better fit to the data.
Investigating further, we took the 12 seconds of the trig-
gered event bn150626171 (see Figure 3) and simulated
1000 sets of spectra (for detector n9 and na) using the
best fit CompTT parameters. We then simulated 1000
sets of spectra for the best fit parameters of the RE-
FLECT*CompTT model with the reflection amplitude
and seed photon temperature fixed as before. Compar-
ing the ∆χ2 of the resulting fits, all but a few of the fits
using the REFLECT*CompTT model were rejected at
the 99% level and none resulted in a lower χ2ν (see Figure
7). Although not statistically rigorous, the results are
compelling enough that we can not reject the hot seed
photons of the CompTT model.
Relativistic light bending when the emission region
is within a few gravitational radii of the black hole can
produce reflection that exceeds Ω/2pi = 1 (Fabian 2013).
Fixing the reflection to Ω/2pi = 1.5 to take into account
a large degree of relativistic light bending still results in
a photon seed temperature that is consistently above 2
keV and averages 3.7 keV as opposed to 5.1 keV with
no reflection. Unfortunately we are unable to constrain
both the reflection and the electron seed temperature.
Even though it is likely that there is a reflection com-
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ponent (Chandra observed broadened Fe Kα lines, see
King et al. (2015)), GBM is not sensitive enough to con-
strain the reflection excess. The addition of the reflec-
tion component lowers the seed photon temperature for
the REFLECT*CompTT fits by a marginal amount but
does not alter the conclusion that these photons are too
hot to be the thermal photons expected from an accre-
tion disk. Absorption might improve the spectral fits
resulting in a thermal seed photon distribution but the
absorption required is at least 100 times Galactic and
neither XMM-Newton (Rana et al. 2015) nor Chandra
(King et al. 2015) observed excessive absorption. Ab-
sorption a few times Galactic will have little effect on
our spectra above 8 keV so we omitted absorption in
our spectral fits.
Figure 7. The distribution of the ∆χ2 of the RE-
FLECT*CompTT and CompTT model. The dashed line
is the 99% rejection point. The REFLECT*CompTT model
can be rejected in all but the six simulated spectra.
4.2. Physical Model for the Hard X-ray Emission
We find a clear anti-correlation between the GBM flux
and the electron temperature of the CompTT model.
We present this behavior in the equivalent L/LEDD−kTe
diagram. This correlation is present both in the brighter
flares (see Figures 9,10,11) and when considering the
entire duration of the current V404 Cyg flaring activity
(see Figure 8).
Overall, the electron temperature values show large
variations and no obvious correlation up to L .
0.2LEDD. For L > 0.2LEDD a clear anti-correlation
emerges, and the scatter in Te decreases visibly (see Fig-
ure 8). Individual outbursts show a similar behavior,
when well sampled (trigger bn150625400 in Figure 9).
The correlation between the electron temperature and
luminosity has already been noted in the case of GX 339-
4 by Miyakawa et al. (2008). Using GBM observations
of V404 Cyg, we can populate a larger swath of the
L−kTe diagram and find their interpretation valid here
as well with minor modifications. We envision a popula-
tion of protons in thermal equilibrium with hot electrons
which are in turn responsible for the inverse Compton
up-scattering of the soft thermal photons from the disk
or base of the jet, resulting in the gamma-ray photons.
In order to determine which processes drive the burst-
ing activity, we calculate relevant timescales. For a
case when protons have non-relativistic temperatures
electron-proton relaxation timescale can be calculated
as (Spitzer 1962; Dermer 1986):
tpe≈
√
2pi
(
kTp
mpc2
+ kTemec2
) 3
2
2neσT c ln Λ
mp
me
≈ (1)
≈1.3× 10−3
(
R
10 RS
)(
kTe
30 keV
) 3
2 ( τ
1.6
)−1
s,(2)
where ne is the particle number density, ln Λ = 16.1 +
ln[(kTe/ 30keV)(ne/10
17cm−3)−1/2] is the Coulomb log-
arithm, Te and Tp are the electron and proton tem-
peratures respectively. Electrons and protons estab-
lish a Maxwellian distribution on this timescale. For
the numerical value, we have assumed Te >
me
mp
Tp and
τ ≈ RneσT . Henceforth, we use 10RS for the size of the
emission region.
Electrons will lose energy to soft photons through in-
verse Compton scattering on a timescale
tIC =
3mec
8σTuγτ
(3)
= 10−6
(
L/LEDD
0.2
)−1(
f
9
)−1(
R
10 RS
)2 ( τ
1.6
)−1
s(4)
where uγ = Lf/4piR
2c is the energy density of soft pho-
tons entering the corona, f is the ratio between the lu-
minosity of the soft, disk component (Ls) and the up-
scattered hard X-ray luminosity, observed by GBM (L).
f follows e.g. from the derivation of Pietrini and Krolik
(1995), and yields f = Ls/L ≈< (10θeτ)−4 >≈ 9, and
approximately constant for luminosities above 0.2LE
where θ = kTe/mec
2.
The advection timescale, or the time in which elec-
trons are swallowed by the black hole (Mahadevan and
Quataert 1997) can be calculated e.g. in the advec-
tion dominated accretion flow model (Narayan and Yi
1994):
tadv≈ R
2
αH2
√
GM/R3
(5)
= 0.4
(
R/H
0.2
)2(
R
10 RS
)3/2 ( α
0.3
)−1
s, (6)
where H is the height of the disk, assumed to be a frac-
tion 0.2 of the radius, and α is the viscosity parameter
scaled to 0.3.
Out of these three timescales, the Compton cooling is
the shortest. Based on the above equations the proton-
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electron equilibrium timescale is shorter than the advec-
tion timescale indicating the former is the more efficient
process. However the value of H, α and the emission
region size assumed here, 10RS have large uncertainties
allowing tadv to be of the same order as tpe (e.g. for
H/R ≈ α ≈ 1, and R ≈ 3RS). If this is the case, about
an equal fraction of proton energy will be available to
the electrons for IC up scattering and for advection.
As the luminosity increases, IC cooling becomes more
effective, decreasing the temperature of the electrons.
Colder electrons result in more effective proton-electron
collisional relaxation, while the advection efficiency does
not vary with electron temperature. Thus eventually the
two main processes will be the electron proton interac-
tion and the IC cooling of the electrons.
If we assume a steady state, the energy transferred
per unit volume and unit time from protons to electrons
will equal the energy lost by electrons through Compton
cooling. Following Inoue (1994); Miyakawa et al. (2008),
yields:
3/2nekTp
tpe
= 4θeuγneσT c. (7)
From Equation 7, using the expression for tpe, we find
Te ∝ L−2/5, which is in remarkable agreement with both
the time resolved spectra (see Figures 9,10,11) and con-
sidering all the bursts (see Figure 8).
Here, we neglected variation of the proton tempera-
ture and optical depth. Since the proton-electron heat-
ing timescale is shorter than the advection timescale, in
the absence of heating, the protons might cool down to
lower temperatures before being advected. To see if the
proton temperature is independent of other parameters
(e.g. the luminosity) we calculate it following Malzac
and Belmont (2008) by defining the Coulomb compact-
ness, neglecting pair contributions:
lC =
√
8piτ2 ln Λ
k(Tp − Te)
mpc2
(
kTp
mpc2
+
kTe
mec2
)−3/2
.
(8)
We fix lC = 473 by using the average τ = 1.95,
Te = 26 keV and Tp = 46 MeV (from GM/R = kTp/mp,
R = 10RS), then solve for the proton temperature
in the kTp/mpc
2 << 1 limit. We get Tp = Te(1 +
8.6
√
7θelC/τ
2). The average of the proton temperatures
is < Tp >= 15.2 MeV, indeed somewhat lower than
from the virial type energy considerations but higher
than Droulans et al. (2010). The Pearson correlation
coefficient between logL and log Tp is 0.14, with p-value
p=0.11, consistent with no correlation between L and
Tp. This method of determining Tp is appropriate for an
estimate and for checking correlation with the luminos-
ity. Unfortunately, it uses the same principle by which
we link tpe to the electron temperature and hence ren-
ders equation 7 meaningless (yields Tp ∝ T 3/2e ) for the
purpose of further addressing the electron temperature
- luminosity correlation.
GBM is not sensitive to photons below ∼ 8 keV. Some
fraction of the bolometric luminosity is emitted at this
range and it is difficult for us to account for that (but
see f parameter at the beginning of this section for an es-
timate). Pair annihilation represents only a few percent
(Siegert et al. 2016) of the overall luminosity and is also
not considered here. We can simply equate the luminos-
ity observed by GBM (L) in a spherical volume of 10 RS ,
assumed to be dominated by Comptonized emission, to
the collisional power of the protons ( 32nkTp/tpe). This
will yield
kTe = 36.2keV
(
L
0.2LE
)−2/3
. (9)
We derived the normalization assuming Tp = 16 MeV,
n = 1017 cm−3. The power law index is steeper than
the fitted value, but still consistent within the errors.
Moreover, the expression in equation 9 gives a good de-
scription of the data, especially at high luminosities.
This observed relation between the electron temper-
ature and luminosity suggests that during an outburst
the electrons and protons are in thermal equilibrium and
the electrons are cooled by the Compton scattering of
thermal photons from the disk. V404 Cyg is yet another
example among accreting black hole systems (both black
hole binaries and AGN) where the collisional heating of
electrons by protons is a dominant process.
Alternative models. Alternatively the anticorrela-
tion between the luminosity and electron temperature
can be investigated considering runaway pair produc-
tion (e.g. Fabian et al 2015 ). This occurs for
high compactness and electron temperature as addi-
tional power introduced to the corona does not go to-
wards increasing the temperature but to the creation of
pairs. Defining the compactness, l = σTL/mec
3R =
2pimp/me(L/LE)(R/RS)
−1, for a spherical corona, we
have a limit corresponding to l ≈ 10θ−5/2e e1/θe . We
have also adopted the model of Stern et al 1995 who
calculated the pair line for a slab geometry. We as-
sume 3RS for the height and the radius of the slab and
sphere cases respective. Larger sizes will be less con-
straining. We have plotted the runaway pair produc-
tion lines for sphere and slab geometry on Figure 8.
We conclude that our observations do not violate this
limit for realistic assumptions for the emission radius,
but this effect does not seem to drive the observed cor-
relation. Another possibility to consider is the truncated
disk model (Done et al. 2007; Sobolewska et al. 2011).
In this model the disk is truncated at an inner radius,
and hot, spherical corona fills the space closer to the
black hole. With increasing luminosity, the disk trun-
cation radius decreases. This results in more effective
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cooling of the hot corona by disk photons. Similar to
Sobolewska et al. (2011), we consider a radiatively effi-
cient and inefficient flow (Sharma et al. 2007) and link
the hard-to-soft luminosity ratio (equivalent to the hard
to soft compactness ratio) to the hard luminosity. We
further use the expression of Pietrini and Krolik (1995)
for the linking the hard-to-soft luminosity ratio to the
temperature ( L/Ls ∝ (θeτ)4, see previous section.) In
this model we find L/Ls ∝ L−1/4(∝ L−3/2) in the ra-
diatively inefficient (efficient) flow case. For the temper-
ature dependence, assuming constant optical depth, we
find L ∝ T−1/8e for the inefficient flow and L ∝ T−3/8e
for the efficient flow. The latter, radiatively efficient
flow case is consistent with our observed correlation at
high luminosities suggesting the truncated disk model is
viable in explaining the observations.
Figure 8. Luminosity, L/LEDD, and electron temperature
for all the triggered intervals. Gray points mark all the inter-
vals, black points indicate bright (L > 0.2LEDD) and reliable
fits (χ2µ < 2).
Similarly to Roques et al. (2015), the seed photon tem-
perature obtained from the CompTT model is unusually
high. The highest temperature from a thermally radiat-
ing disk is kTphoton . 1 keV, while we have an approxi-
mately constant kTphoton = 5.9±1.3 keV. This suggests
the seed photons might not originate solely from the
disk, but from another source as well (e.g. synchrotron
photons from the jet (Markoff et al. 2005)). A high seed
photon temperature (7 keV) was also measured using
INTEGRAL data (Roques et al. 2015; Natalucci et al.
2015).
We note that for the time resolved spectra the onset
of the correlation appears to start at higher luminosities
(0.35 − 0.5LEDD, (see Figures 9, 10, 11) while the time
integrated correlation is valid for L > 0.2LEDD. This
can be explained by the longer integration times for the
data points (∼500s as apposed to 10s), resulting in more
accurate spectral parameters for L/LEDD in the range
10-1 0.20 0.30 0.40 0.50 0.60 0.70
L/LEDD
101
 20
 30
 40
k 
T
e 
[k
e
V
]
Te ∝ L−0.55±0.06
CompTT model, bn150625400, time resolved
fit
selected
Figure 9. Luminosity, L/LEDD, and electron temperature
for an individual trigger. Gray points mark all the intervals,
black points indicate bright (L > 0.5LEDD) and reliable fits
(χ2µ < 2).
0.40 0.50 0.60 0.70
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CompTT model, bn150626685, time resolved
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selected
Figure 10. A further example of a time resolved fit. The
anti-correlation exists for the entire flare because it remained
above 0.45LEdd.
of 0.2-0.35. For the time resolved cases the error on
the parameters increases for this range of luminosities,
suppressing the correlation until sufficient photons are
measured. Restricting the L/LEDD > 0.4 substantially
steepens the relationship for the time integrated results.
4.3. Temporal Analysis
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Figure 11. Luminosity, L/LEDD, and electron temperature
for individual triggers. Gray points mark all the intervals,
black points indicate bright (L > 0.5LEDD) and reliable fits
(χ2µ < 2).
Figure 12. A comparison of an averaged RXTE power
spectrum from the hard state of GX 339–4 (black) with a
Fermi/GBM power spectrum of V404 Cyg from June 26.751
(red).
Table 1. Power Spectral Fit Parameters
Llow Lmid Lhigh
νmax Q rms νmax Q rms νmax Q rms
PDS No.a (Hz) (%) (Hz) (%) (Hz) (%)
I (3.2±0.6)×10−2 0b 32.1±1.5 0.46±0.10 0b 19.1±1.0 3.3±0.3 (8±6)×10−2 22.0±1.1
II (2.1±0.5)×10−2 0b 36±3 0.47±0.08 0b 15.9±0.7 4.78±0.16 (7±3)×10−2 23.0±0.4
III (4.0±0.5)×10−2 0b 31.8±1.2 0.87±0.15 0b 15.9±0.7 3.5±0.2 (2.8±0.5)×10−1 19.6±1.4
IV (1.6±0.6)×10−2 0b 34±5 0.59±0.10 0b 27.9±1.3 2.7±0.3 (8±4)×10−1 15±3
V (1.6±0.5)×10−2 0b 31±4 0.61±0.10 0b 17.3±0.6 · · · · · · · · ·
Table 1 continued
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Table 1 (continued)
Llow Lmid Lhigh
νmax Q rms νmax Q rms νmax Q rms
PDS No.a (Hz) (%) (Hz) (%) (Hz) (%)
aNumber of power spectrum, as shown in Figure 6.
b Value was fixed.
The Fermi/GBM power spectra of V404 Cyg show
a strong similarity to those obtained with Ginga dur-
ing the source’s 1989 outburst. They are also similar
in shape and strength to those of black hole X-ray bi-
naries, such as Cyg X-1 and GX 339–4, in their hard
states (Nowak 2000). The power spectra of these source
are dominated by broad Lorentzians as well, in the fre-
quency range that we analyzed for V404 Cyg (0.01–500
Hz). In Figure 12 we show a comparison between an
averaged power spectrum from GX 339–4 in its hard
state (from RXTE data) and one from V404 Cyg (June
26.71, see middle panel in Figure 6). As can bee seen,
the shapes of these power spectra are very similar, es-
pecially at the high-frequency end. We suspect that rel-
atively stronger variability at the low-frequency end in
V404 Cyg may be the result of the strong flaring activ-
ity of V404 Cyg seen on the corresponding time scales.
This additional power may hide the low-frequency break
that is usually seen in the hard state (see, e.g., the GX
339–4 power spectrum in Figure 12). Overall, however,
the shape and strength of the power spectra supports
our earlier conclusion that V404 Cyg was observed in
the hard state.
5. CONCLUSION
There is no evidence in the spectral analysis for an on-
set of a state change during the observed time interval.
Spectral analysis indicates that the collisional heating
of electrons by protons is the dominant process result-
ing in the observed Comptonized spectrum. The seed
photon temperature exceeds what is expected from an
accretion disk and may be due to synchrotron photons
from the base of the jet or perhaps there is some other
method of energizing the photons of the inner disk. In
all, this outburst is very similar to the one that occurred
in 1989 but remains remarkable among black hole out-
burst for its intrinsic high luminosity and high photon
seed temperature.
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Table 2. V404 Cyg Spectral Modeling Results
bn Dur Reflection amp.a e−1 Temp.a Seed γ Temp.a Optical Depth a Luminositya,b χ2/dof e−1 Temp.c Seed γ Temp.c Optical Depth c Luminosityb,c χ2/dof
[s] [keV] [keV] 1037[erg cm−2] [keV] [keV] 1037[erg cm−2]
10-1000 keV 10-1000 keV
150615791 31 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 5.7 ± 1.1 1.12 uncons 7.36 ± 0.91 uncons 5.5 ± 1.0 1.12
150615798 149 fixed at Ω/2pi = 1 24.8 ± 3.4 fixed at 1.0 1.67 ± 0.29 4.80 ± 0.20 1.26 21.7 ± 3.1 4.54 ± 0.30 1.71 ± 0.34 4.77 ± 0.24 1.26
150616734 14 fixed at Ω/2pi = 1 32.3 ± 5.8 fixed at 1.0 2.73 ± 0.66 4.78 ± 0.56 1.04 26.0 ± 4.5 4.5 ± 1.8 3.01 ± 0.79 4.67 ± 0.52 1.04
150616855 20 fixed at Ω/2pi = 1 47.6 ± 12. fixed at 1.0 2.44 ± 0.63 4.6 ± 1.8 1.06 36.3 ± 6.4 3.5 ± 2.2 2.68 ± 0.59 4.41 ± 0.66 1.05
150616921 581 fixed at Ω/2pi = 1 32.5 ± 3.6 fixed at 1.0 2.47 ± 0.33 3.70 ± 0.21 0.95 28.0 ± 3.1 5.27 ± 0.80 2.38 ± 0.40 3.64 ± 0.14 0.95
150618710 162 fixed at Ω/2pi = 1 54.9 ± 19. fixed at 1.0 1.38 ± 0.48 4.4 ± 1.7 1.11 36.7 ± 6.0 2.4 ± 1.1 1.90 ± 0.31 4.30 ± 0.39 1.10
150618763 10 fixed at Ω/2pi = 1 53.4 ± 39. fixed at 1.0 1.0 ± 1.0 11.3 ± 4.8 1.23 48.1 ± 35. 6.6 ± 1.0 uncons 11.3 ± 5.0 1.23
150618834 173 fixed at Ω/2pi = 1 44.5 ± 3.6 fixed at 1.0 1.80 ± 0.16 8.24 ± 0.19 1.19 39.6 ± 3.3 6.46 ± 0.29 1.59 ± 0.16 8.13 ± 0.21 1.21
150619165 126 fixed at Ω/2pi = 1 24.6 ± 1.8 fixed at 1.0 3.15 ± 0.38 5.36 ± 0.18 0.89 21.8 ± 1.8 5.62 ± 0.92 2.94 ± 0.50 5.31 ± 0.15 0.89
150619173 139 fixed at Ω/2pi = 1 33.8 ± 2.9 fixed at 1.0 2.46 ± 0.24 6.12 ± 0.28 1.16 28.0 ± 2.2 4.69 ± 0.61 2.54 ± 0.28 5.97 ± 0.19 1.16
150619224 24 fixed at Ω/2pi = 1 45.6 ± 23. fixed at 1.0 1.6 ± 1.3 5.2 ± 1.5 1.21 uncons 10.8 ± 1.8 uncons 5.5 ± 1.4 1.21
150619242 77 fixed at Ω/2pi = 1 19.5 ± 2.3 fixed at 1.0 2.63 ± 0.45 21.1 ± 1.0 1.00 18.3 ± 2.7 5.25 ± 0.71 2.36 ± 0.62 21.0 ± 1.0 1.00
150619301 248 fixed at Ω/2pi = 1 27.5 ± 13. fixed at 1.0 1.23 ± 0.91 6.1 ± 1.9 1.20 30.3 ± 26. 5.65 ± 0.57 uncons 6.1 ± 2.5 1.20
150619309 155 fixed at Ω/2pi = 1 24.1 ± 2.0 fixed at 1.0 2.22 ± 0.27 20.64 ± 0.45 1.35 23.2 ± 2.5 6.38 ± 0.41 1.83 ± 0.34 20.64 ± 0.69 1.36
150619316 218 fixed at Ω/2pi = 1 25.2 ± 2.1 fixed at 1.0 2.03 ± 0.24 26.39 ± 0.69 1.56 47.1 ± 24. 7.31 ± 0.21 0.55 ± 0.50 27.5 ± 10. 1.49
150619342 286 fixed at Ω/2pi = 1 27.92 ± 0.78 fixed at 1.0 2.362 ± 0.083 23.79 ± 0.26 1.46 25.45 ± 0.82 5.39 ± 0.17 2.13 ± 0.10 23.62 ± 0.25 1.50
150619352 36 fixed at Ω/2pi = 1 25.4 ± 4.2 fixed at 1.0 2.73 ± 0.62 10.8 ± 1.2 1.13 24.3 ± 5.5 6.0 ± 1.5 2.21 ± 0.85 10.8 ± 1.1 1.13
150619420 15 fixed at Ω/2pi = 1 25.2 ± 4.4 fixed at 1.0 2.95 ± 0.67 8.0 ± 1.6 1.04 20.0 ± 2.4 uncons 3.67 ± 0.71 7.8 ± 2.2 1.04
150619427 96 fixed at Ω/2pi = 1 30.8 ± 2.9 fixed at 1.0 2.37 ± 0.28 9.10 ± 0.32 1.09 26.7 ± 2.4 5.34 ± 0.61 2.31 ± 0.32 9.00 ± 0.32 1.08
150619554 103 fixed at Ω/2pi = 1 17.0 ± 2.9 fixed at 1.0 2.58 ± 0.86 12.72 ± 0.96 1.68 16.6 ± 4.2 6.6 ± 1.1 2.0 ± 1.2 12.7 ± 1.4 1.69
150619561 194 fixed at Ω/2pi = 1 27.6 ± 1.5 fixed at 1.0 1.62 ± 0.12 36.36 ± 0.43 1.60 26.5 ± 1.8 5.51 ± 0.14 1.37 ± 0.15 36.37 ± 0.56 1.61
150619570 109 fixed at Ω/2pi = 1 43.5 ± 14. fixed at 1.0 1.47 ± 0.57 10.0 ± 2.0 0.95 35.8 ± 10. 5.38 ± 0.76 1.48 ± 0.58 9.7 ± 1.4 0.95
150619580 180 fixed at Ω/2pi = 1 38.1 ± 34. fixed at 1.0 uncons 5.5 ± 2.5 1.22 uncons 11.0 ± 1.6 uncons 5.4 ± 2.4 1.30
150619774 516 fixed at Ω/2pi = 1 31.63 ± 0.72 fixed at 1.0 2.641 ± 0.069 19.61 ± 0.19 1.38 26.43 ± 0.58 4.75 ± 0.19 2.695 ± 0.089 19.15 ± 0.20 1.43
150620136 275 fixed at Ω/2pi = 1 24.51 ± 0.65 fixed at 1.0 3.25 ± 0.16 16.73 ± 0.26 1.33 23.22 ± 0.75 5.70 ± 0.44 2.78 ± 0.18 16.94 ± 0.27 1.25
150620154 204 fixed at Ω/2pi = 1 13.38 ± 0.49 fixed at 1.0 3.38 ± 0.16 12.9 ± 3.2 1.61 10.93 ± 0.32 1.93 ± 0.68 4.75 ± 0.29 12.88 ± 0.30 1.60
150620171 163 fixed at Ω/2pi = 1 26.1 ± 2.3 fixed at 1.0 1.77 ± 0.24 13.42 ± 0.22 1.66 47.1 ± 26. 7.51 ± 0.19 uncons 13.8 ± 6.3 1.62
150620414 244 fixed at Ω/2pi = 1 21.5 ± 1.2 fixed at 1.0 2.43 ± 0.17 22.41 ± 0.43 1.32 18.13 ± 0.96 3.95 ± 0.29 2.71 ± 0.22 22.19 ± 0.35 1.35
150620421 293 fixed at Ω/2pi = 1 16.94 ± 0.70 fixed at 1.0 2.82 ± 0.14 13.56 ± 0.59 1.38 13.65 ± 0.48 2.77 ± 0.31 3.68 ± 0.22 13.41 ± 0.21 1.37
150620429 139 fixed at Ω/2pi = 1 20.8 ± 3.0 fixed at 1.0 2.26 ± 0.40 5.09 ± 0.40 1.13 17.8 ± 2.6 3.88 ± 0.60 2.47 ± 0.53 5.05 ± 0.29 1.13
150620503 22 fixed at Ω/2pi = 1 33.5 ± 9.2 fixed at 1.0 0.96 ± 0.39 43.9 ± 6.9 1.53 33.8 ± 11. 5.37 ± 0.21 0.72 ± 0.46 43.6 ± 8.4 1.52
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bn Dur Reflection amp.a e−1 Temp.a Seed γ Temp.a Optical Depth a Luminositya,b χ2/dof e−1 Temp.c Seed γ Temp.c Optical Depth c Luminosityb,c χ2/dof
[s] [keV] [keV] 1037[erg cm−2] [keV] [keV] 1037[erg cm−2]
10-1000 keV 10-1000 keV
150620533 203 fixed at Ω/2pi = 1 22.2 ± 1.5 fixed at 1.0 2.01 ± 0.18 23.53 ± 0.42 1.46 24.0 ± 2.7 5.73 ± 0.21 1.42 ± 0.25 23.72 ± 0.62 1.45
150620545 86 fixed at Ω/2pi = 1 17.5 ± 1.4 fixed at 1.0 2.01 ± 0.22 36.13 ± 0.90 1.30 15.3 ± 1.3 4.19 ± 0.20 2.15 ± 0.29 36.02 ± 0.87 1.30
150620552 535 fixed at Ω/2pi = 1 23.08 ± 0.97 fixed at 1.0 2.055 ± 0.098 19.46 ± 0.32 1.50 18.04 ± 0.60 3.20 ± 0.17 2.60 ± 0.12 19.19 ± 0.27 1.53
150620559 293 fixed at Ω/2pi = 1 17.06 ± 0.70 fixed at 1.0 3.00 ± 0.15 14.0 ± 4.5 1.50 14.10 ± 0.55 2.91 ± 0.39 3.77 ± 0.27 13.96 ± 0.21 1.50
150620567 435 fixed at Ω/2pi = 1 18.0 ± 1.3 fixed at 1.0 3.14 ± 0.42 4.97 ± 0.13 1.22 19.3 ± 2.8 6.80 ± 0.65 2.02 ± 0.58 5.01 ± 0.20 1.22
150620625 374 fixed at Ω/2pi = 1 20.5 ± 1.9 fixed at 1.0 1.91 ± 0.26 9.29 ± 0.20 1.65 21.6 ± 3.3 5.57 ± 0.24 1.40 ± 0.36 9.34 ± 0.47 1.63
150621282 101 fixed at Ω/2pi = 1 11.9 ± 3.1 fixed at 1.0 3.1 ± 1.5 6.22 ± 0.79 1.22 11.0 ± 4.0 5.7 ± 2.5 uncons 6.23 ± 0.91 1.23
150621289 440 fixed at Ω/2pi = 1 18.4 ± 2.1 fixed at 1.0 1.78 ± 0.30 10.46 ± 0.28 1.53 17.4 ± 2.5 4.95 ± 0.23 1.61 ± 0.39 10.46 ± 0.54 1.54
150621298 544 fixed at Ω/2pi = 1 22.5 ± 2.5 fixed at 1.0 1.83 ± 0.29 54.3 ± 2.0 1.45 25.0 ± 5.1 6.50 ± 0.23 1.16 ± 0.40 54.7 ± 3.6 1.49
150621327 65 fixed at Ω/2pi = 1 21.3 ± 1.3 fixed at 1.0 1.75 ± 0.15 30.51 ± 0.34 1.55 20.8 ± 1.7 5.22 ± 0.14 1.48 ± 0.19 30.56 ± 0.43 1.54
150621335 75 fixed at Ω/2pi = 1 25.9 ± 5.8 fixed at 1.0 1.66 ± 0.50 12.9 ± 1.1 1.09 23.5 ± 5.6 4.79 ± 0.59 1.59 ± 0.59 12.9 ± 1.1 1.09
150621344 94 fixed at Ω/2pi = 1 22.8 ± 1.5 fixed at 1.0 1.56 ± 0.12 19.96 ± 0.38 1.53 17.57 ± 0.89 3.19 ± 0.12 2.06 ± 0.14 19.72 ± 0.24 1.58
150621366 384 fixed at Ω/2pi = 1 43.5 ± 26. fixed at 1.0 uncons 7.3 ± 3.4 1.58 uncons 7.16 ± 0.24 uncons 7.40 ± 0.80 1.65
150621657 86 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 42.2 ± 15. 1.05 uncons 5.38 ± 0.35 uncons 41.6 ± 15. 1.05
150621744 109 fixed at Ω/2pi = 1 24.01 ± 0.87 fixed at 1.0 2.47 ± 0.10 23.93 ± 0.52 1.51 19.12 ± 0.58 3.35 ± 0.25 2.99 ± 0.14 23.47 ± 0.29 1.53
150622002 319 fixed at Ω/2pi = 1 44.5 ± 14. fixed at 1.0 0.85 ± 0.36 11.8 ± 3.6 1.22 26.2 ± 3.2 3.09 ± 0.24 1.55 ± 0.24 11.54 ± 0.42 1.23
150622018 159 fixed at Ω/2pi = 1 24.7 ± 2.4 fixed at 1.0 1.69 ± 0.21 11.02 ± 0.30 1.33 21.2 ± 2.0 4.55 ± 0.22 1.78 ± 0.24 10.95 ± 0.25 1.33
150622027 223 fixed at Ω/2pi = 1 34.0 ± 12. fixed at 1.0 0.91 ± 0.48 10.3 ± 2.7 1.23 28.1 ± 8.6 4.30 ± 0.24 1.01 ± 0.48 10.3 ± 1.1 1.23
150622071 61 fixed at Ω/2pi = 1 27.0 ± 5.3 fixed at 1.0 2.10 ± 0.52 6.63 ± 0.49 1.35 22.6 ± 3.8 5.19 ± 0.86 2.23 ± 0.59 6.55 ± 0.50 1.35
150622079 299 fixed at Ω/2pi = 1 19.8 ± 2.1 fixed at 1.0 2.92 ± 0.44 5.67 ± 0.31 0.94 16.9 ± 1.8 4.40 ± 0.85 3.16 ± 0.64 5.60 ± 0.28 0.94
150622086 135 fixed at Ω/2pi = 1 21.5 ± 3.0 fixed at 1.0 3.37 ± 0.95 6.24 ± 0.39 1.19 18.8 ± 3.1 5.9 ± 2.0 3.2 ± 1.3 6.17 ± 0.43 1.19
150622187 417 fixed at Ω/2pi = 1 18.3 ± 1.5 fixed at 1.0 2.60 ± 0.28 8.75 ± 0.37 1.32 15.2 ± 1.1 3.64 ± 0.50 3.09 ± 0.39 8.68 ± 0.21 1.31
150622212 240 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 6.0 ± 1.3 1.29 uncons 5.11 ± 0.20 uncons 6.0 ± 1.8 1.32
150622225 179 fixed at Ω/2pi = 1 33.0 ± 5.4 fixed at 1.0 1.49 ± 0.35 14.44 ± 0.78 1.10 36.2 ± 10. 7.70 ± 0.34 0.94 ± 0.46 14.5 ± 1.9 1.16
150622256 270 fixed at Ω/2pi = 1 26.1 ± 8.0 fixed at 1.0 0.82 ± 0.43 12.6 ± 1.3 1.26 31.1 ± 23. 5.85 ± 0.12 uncons 12.6 ± 5.4 1.39
150622451 312 fixed at Ω/2pi = 1 25.4 ± 1.6 fixed at 1.0 2.32 ± 0.18 12.87 ± 0.37 1.13 21.2 ± 1.2 4.24 ± 0.36 2.53 ± 0.22 12.73 ± 0.28 1.12
150622470 86 fixed at Ω/2pi = 1 22.6 ± 4.6 fixed at 1.0 1.46 ± 0.49 14.5 ± 1.1 1.23 23.0 ± 7.5 6.23 ± 0.36 1.09 ± 0.66 14.5 ± 2.2 1.28
150622672 273 fixed at Ω/2pi = 1 25.6 ± 1.7 fixed at 1.0 1.52 ± 0.15 14.44 ± 0.20 1.65 26.2 ± 2.6 5.60 ± 0.14 1.17 ± 0.19 14.49 ± 0.23 1.65
150622684 208 fixed at Ω/2pi = 1 19.6 ± 1.2 fixed at 1.0 2.33 ± 0.19 11.22 ± 0.21 1.37 17.8 ± 1.2 4.67 ± 0.27 2.26 ± 0.25 11.18 ± 0.18 1.37
150623198 61 fixed at Ω/2pi = 1 25.1 ± 2.1 fixed at 1.0 1.92 ± 0.20 14.29 ± 0.32 1.35 23.0 ± 2.2 4.45 ± 0.28 1.82 ± 0.25 14.20 ± 0.40 1.36
150623272 461 fixed at Ω/2pi = 1 15.2 ± 1.5 fixed at 1.0 2.68 ± 0.41 5.99 ± 0.19 1.58 13.8 ± 1.7 5.10 ± 0.49 2.62 ± 0.60 5.98 ± 0.20 1.58
150623311 217 fixed at Ω/2pi = 1 20.9 ± 2.2 fixed at 1.0 2.13 ± 0.31 14.09 ± 0.51 1.37 19.2 ± 2.3 4.89 ± 0.41 2.02 ± 0.40 14.06 ± 0.43 1.37
150623339 53 fixed at Ω/2pi = 1 51.3 ± 9.4 fixed at 1.0 1.80 ± 0.32 6.4 ± 1.3 1.00 37.7 ± 4.8 4.51 ± 0.76 2.01 ± 0.30 6.08 ± 0.33 1.00
150623348 147 fixed at Ω/2pi = 1 90.8 ± 89. fixed at 1.0 uncons 4.4 ± 1.8 1.06 82.0 ± 70. 4.9 ± 1.5 uncons 4.4 ± 1.8 1.06
150623443 65 fixed at Ω/2pi = 1 23.6 ± 4.0 fixed at 1.0 1.42 ± 0.32 47.8 ± 2.8 1.04 21.2 ± 3.8 4.32 ± 0.24 1.43 ± 0.38 47.7 ± 3.1 1.04
150623473 503 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 27.2 ± 9.4 1.66 uncons 7.03 ± 0.25 uncons 27.5 ± 10. 1.69
150623482 90 fixed at Ω/2pi = 1 39.1 ± 10. fixed at 1.0 1.24 ± 0.47 18.7 ± 2.2 1.16 uncons 7.37 ± 0.35 uncons 19.1 ± 8.7 1.15
150623515 229 fixed at Ω/2pi = 1 21.8 ± 4.6 fixed at 1.0 1.48 ± 0.43 15.1 ± 1.3 1.26 18.0 ± 3.6 4.16 ± 0.33 1.69 ± 0.49 15.0 ± 1.1 1.27
150623526 44 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 14.70 ± 0.22 1.29 uncons 4.46 ± 0.47 uncons 14.76 ± 0.28 1.30
150623715 132 fixed at Ω/2pi = 1 33.5 ± 19. fixed at 1.0 1.3 ± 1.1 14.0 ± 6.2 1.37 uncons 5.48 ± 0.95 uncons 14.5 ± 3.2 1.37
150623722 68 fixed at Ω/2pi = 1 137.6 ± 73. fixed at 1.0 0.100 ± 0.036 23.29 ± 0.66 1.21 91.7 ± 76. 2.76 ± 0.23 uncons 23.6 ± 11. 1.22
150623741 208 fixed at Ω/2pi = 1 54.7 ± 47. fixed at 1.0 uncons 11.9 ± 5.4 1.36 uncons 6.40 ± 0.25 uncons 11.8 ± 5.3 1.40
150623749 101 fixed at Ω/2pi = 1 13.6 ± 1.2 fixed at 1.0 2.30 ± 0.38 39.6 ± 1.0 1.66 25.4 ± 22. 6.24 ± 0.12 uncons 40.1 ± 17. 1.63
150624171 12 fixed at Ω/2pi = 1 19.0 ± 1.0 fixed at 1.0 2.23 ± 0.19 58.59 ± 0.87 1.54 19.7 ± 1.8 5.78 ± 0.21 1.66 ± 0.26 58.88 ± 0.97 1.54
150624178 125 fixed at Ω/2pi = 1 21.4 ± 2.9 fixed at 1.0 1.35 ± 0.28 30.3 ± 1.1 1.56 20.4 ± 3.5 4.79 ± 0.17 1.21 ± 0.35 30.3 ± 1.5 1.57
150624201 103 fixed at Ω/2pi = 1 40.8 ± 14. fixed at 1.0 0.77 ± 0.46 18.7 ± 5.4 1.24 uncons 5.26 ± 0.22 uncons 19.2 ± 7.6 1.23
150624248 289 fixed at Ω/2pi = 1 70.8 ± 30. fixed at 1.0 0.72 ± 0.40 12.6 ± 4.2 1.15 45.1 ± 7.9 4.26 ± 0.20 1.05 ± 0.23 12.23 ± 0.53 1.17
150624303 88 fixed at Ω/2pi = 1 96.1 ± 75. fixed at 1.0 1.06 ± 0.80 7.4 ± 3.5 1.10 uncons 7.10 ± 0.68 uncons 7.3 ± 3.3 1.09
150624386 725 fixed at Ω/2pi = 1 24.1 ± 1.0 fixed at 1.0 2.68 ± 0.14 5.44 ± 0.20 1.72 19.86 ± 0.76 3.47 ± 0.36 3.10 ± 0.18 5.376 ± 0.093 1.70
150624445 266 fixed at Ω/2pi = 1 40.8 ± 14. fixed at 1.0 1.19 ± 0.60 5.9 ± 1.1 1.29 uncons 7.47 ± 0.49 uncons 6.0 ± 2.5 1.28
150624568 77 fixed at Ω/2pi = 1 48.5 ± 22. fixed at 1.0 0.77 ± 0.60 44.7 ± 14. 1.41 uncons 7.13 ± 0.26 uncons 45.8 ± 14. 1.40
150624585 137 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 4.6 ± 1.9 1.34 uncons 6.61 ± 0.91 uncons 4.60 ± 0.51 1.38
150624599 266 fixed at Ω/2pi = 1 58.9 ± 47. fixed at 1.0 uncons 8.2 ± 3.9 1.11 uncons 5.69 ± 0.33 uncons 8.2 ± 3.6 1.11
150624724 118 fixed at Ω/2pi = 1 23.0 ± 2.6 fixed at 1.0 1.66 ± 0.30 15.15 ± 0.38 1.12 28.8 ± 8.7 6.92 ± 0.24 0.83 ± 0.46 15.3 ± 2.2 1.13
150625186 261 fixed at Ω/2pi = 1 20.9 ± 1.4 fixed at 1.0 3.51 ± 0.38 6.4 ± 2.8 1.15 17.5 ± 1.3 4.1 ± 1.2 3.84 ± 0.72 6.29 ± 0.27 1.16
150625263 36 fixed at Ω/2pi = 1 17.4 ± 1.1 fixed at 1.0 2.12 ± 0.19 24.26 ± 0.40 1.67 17.3 ± 1.5 5.05 ± 0.17 1.76 ± 0.26 24.31 ± 0.56 1.67
150625296 590 fixed at Ω/2pi = 1 24.0 ± 2.0 fixed at 1.0 1.75 ± 0.19 14.38 ± 0.25 1.70 25.4 ± 3.3 5.49 ± 0.17 1.29 ± 0.26 14.47 ± 0.59 1.67
150625363 635 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 10.6 ± 4.8 1.12 uncons 7.99 ± 0.80 uncons 10.92 ± 0.12 1.12
150625370 318 fixed at Ω/2pi = 1 50.4 ± 6.6 fixed at 1.0 1.41 ± 0.22 12.54 ± 0.47 1.63 66.5 ± 24. 8.09 ± 0.29 0.69 ± 0.37 12.9 ± 2.6 1.63
150625392 23 fixed at Ω/2pi = 1 19.5 ± 1.7 fixed at 1.0 2.31 ± 0.29 19.56 ± 0.53 1.28 20.3 ± 2.8 5.39 ± 0.35 1.74 ± 0.40 19.6 ± 1.0 1.27
150625400 8 fixed at Ω/2pi = 1 21.7 ± 4.1 fixed at 1.0 1.69 ± 0.43 47.8 ± 3.0 1.35 20.5 ± 4.6 4.76 ± 0.36 1.54 ± 0.53 47.8 ± 3.9 1.35
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Table 2 (continued)
bn Dur Reflection amp.a e−1 Temp.a Seed γ Temp.a Optical Depth a Luminositya,b χ2/dof e−1 Temp.c Seed γ Temp.c Optical Depth c Luminosityb,c χ2/dof
[s] [keV] [keV] 1037[erg cm−2] [keV] [keV] 1037[erg cm−2]
10-1000 keV 10-1000 keV
150625498 647 fixed at Ω/2pi = 1 22.3 ± 3.3 fixed at 1.0 2.34 ± 0.53 11.22 ± 0.56 1.28 22.6 ± 5.3 6.39 ± 0.77 1.76 ± 0.69 11.2 ± 1.1 1.28
150625530 60 fixed at Ω/2pi = 1 17.7 ± 1.9 fixed at 1.0 2.15 ± 0.39 8.80 ± 0.26 1.31 19.4 ± 4.2 6.36 ± 0.35 1.39 ± 0.57 8.85 ± 0.88 1.31
150625899 52 fixed at Ω/2pi = 1 25.5 ± 1.5 fixed at 1.0 3.09 ± 0.24 12.52 ± 0.76 1.19 20.8 ± 1.0 3.40 ± 0.71 3.58 ± 0.33 12.28 ± 0.37 1.17
150625921 437 fixed at Ω/2pi = 1 47.1 ± 44. fixed at 1.0 uncons 8.7 ± 4.0 1.20 uncons 5.96 ± 0.17 uncons 8.7 ± 3.5 1.25
150625928 464 fixed at Ω/2pi = 1 31.1 ± 6.1 fixed at 1.0 1.30 ± 0.36 16.3 ± 1.1 1.38 33.7 ± 11. 6.00 ± 0.29 0.88 ± 0.49 16.4 ± 3.8 1.38
150625976 437 fixed at Ω/2pi = 1 20.81 ± 0.91 fixed at 1.0 2.59 ± 0.14 9.98 ± 0.18 1.43 17.69 ± 0.76 3.97 ± 0.27 2.85 ± 0.20 9.88 ± 0.16 1.44
150625984 297 fixed at Ω/2pi = 1 28.5 ± 4.9 fixed at 1.0 1.94 ± 0.40 5.32 ± 0.42 1.03 24.6 ± 4.1 4.88 ± 0.62 1.96 ± 0.47 5.27 ± 0.27 1.03
150625993 134 fixed at Ω/2pi = 1 24.2 ± 1.3 fixed at 1.0 2.17 ± 0.17 24.67 ± 0.36 1.66 27.1 ± 2.9 6.81 ± 0.22 1.37 ± 0.23 24.95 ± 0.50 1.62
150626063 258 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 15.3 ± 7.0 1.11 uncons 5.83 ± 0.44 uncons 15.3 ± 6.1 1.13
150626092 114 fixed at Ω/2pi = 1 138.38 ± 116. fixed at 1.0 uncons 17.0 ± 7.7 1.44 uncons 6.39 ± 0.18 uncons 17.7 ± 7.4 1.38
150626109 408 fixed at Ω/2pi = 1 31.3 ± 4.8 fixed at 1.0 2.46 ± 0.41 uncons 1.10 28.2 ± 5.2 5.3 ± 1.0 2.22 ± 0.58 6.77 ± 0.59 1.11
150626124 57 fixed at Ω/2pi = 1 21.7 ± 1.3 fixed at 1.0 2.20 ± 0.18 31.77 ± 0.54 1.44 23.4 ± 2.4 6.25 ± 0.22 1.51 ± 0.25 32.01 ± 0.81 1.42
150626156 502 fixed at Ω/2pi = 1 25.4 ± 1.8 fixed at 1.0 3.01 ± 0.41 25.58 ± 0.69 1.29 36.6 ± 9.4 9.12 ± 0.64 1.12 ± 0.50 26.6 ± 2.8 1.28
150626163 296 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 11.2 ± 4.5 1.47 uncons 7.00 ± 0.35 uncons 11.4 ± 3.2 1.46
150626170 448 fixed at Ω/2pi = 1 27.1 ± 2.0 fixed at 1.0 2.35 ± 0.27 11.79 ± 0.32 1.39 27.5 ± 3.2 7.13 ± 0.46 1.71 ± 0.32 11.85 ± 0.46 1.39
150626177 361 fixed at Ω/2pi = 1 33.5 ± 10. fixed at 1.0 1.44 ± 0.67 13.3 ± 1.6 1.31 37.3 ± 20. 8.50 ± 0.72 0.87 ± 0.80 13.5 ± 4.9 1.31
150626184 465 fixed at Ω/2pi = 1 24.5 ± 2.2 fixed at 1.0 2.56 ± 0.30 9.65 ± 0.36 1.19 20.8 ± 1.8 4.57 ± 0.60 2.70 ± 0.38 9.53 ± 0.30 1.18
150626192 409 fixed at Ω/2pi = 1 40.6 ± 15. fixed at 1.0 1.56 ± 0.70 16.4 ± 3.3 1.44 33.3 ± 9.1 7.0 ± 1.0 1.56 ± 0.68 16.1 ± 1.9 1.46
150626222 8 fixed at Ω/2pi = 1 30.0 ± 2.4 fixed at 1.0 2.17 ± 0.20 33.90 ± 0.93 1.05 27.2 ± 2.4 5.28 ± 0.39 1.99 ± 0.25 33.6 ± 1.0 1.05
150626230 332 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 17.1 ± 4.0 1.13 uncons 6.64 ± 0.62 uncons 17.0 ± 1.2 1.13
150626238 257 fixed at Ω/2pi = 1 33.9 ± 5.4 fixed at 1.0 1.40 ± 0.27 8.81 ± 0.44 0.99 27.4 ± 3.6 4.58 ± 0.28 1.55 ± 0.28 8.68 ± 0.36 0.99
150626253 54 fixed at Ω/2pi = 1 22.5 ± 2.4 fixed at 1.0 2.45 ± 0.43 13.73 ± 0.46 1.20 22.7 ± 3.7 7.21 ± 0.65 1.80 ± 0.54 13.77 ± 0.79 1.20
150626260 112 fixed at Ω/2pi = 1 25.2 ± 2.5 fixed at 1.0 1.85 ± 0.28 16.09 ± 0.49 1.38 29.4 ± 6.5 7.01 ± 0.29 1.08 ± 0.40 16.2 ± 1.4 1.36
150626487 51 fixed at Ω/2pi = 1 21.1 ± 2.5 fixed at 1.0 1.55 ± 0.26 39.2 ± 1.2 1.31 20.6 ± 3.3 4.98 ± 0.18 1.33 ± 0.34 39.3 ± 2.0 1.32
150626494 133 fixed at Ω/2pi = 1 15.09 ± 0.87 fixed at 1.0 2.40 ± 0.20 19.72 ± 0.26 1.52 14.1 ± 1.0 4.24 ± 0.22 2.31 ± 0.28 19.70 ± 0.33 1.52
150626518 130 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 22.7 ± 4.8 1.42 uncons uncons uncons uncons 1.35
150626553 276 fixed at Ω/2pi = 1 20.8 ± 1.5 fixed at 1.0 1.66 ± 0.17 66.63 ± 0.96 1.44 20.3 ± 1.9 5.08 ± 0.12 1.42 ± 0.22 66.7 ± 1.3 1.46
150626564 153 fixed at Ω/2pi = 1 11.0 ± 1.1 fixed at 1.0 2.71 ± 0.53 32.37 ± 0.91 1.57 11.2 ± 2.3 5.19 ± 0.43 2.06 ± 0.98 32.3 ± 2.9 1.58
150626577 504 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 66.5 ± 27. 1.57 uncons 4.84 ± 0.19 uncons 66.5 ± 16. 1.59
150626593 137 fixed at Ω/2pi = 1 21.6 ± 4.7 fixed at 1.0 1.51 ± 0.47 58.9 ± 5.3 1.14 21.9 ± 6.7 4.72 ± 0.32 1.23 ± 0.60 59.0 ± 7.0 1.14
150626620 483 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 41.0 ± 15. 1.24 uncons 3.86 ± 0.28 uncons 41.0 ± 19. 1.24
150626627 599 fixed at Ω/2pi = 1 41.6 ± 9.2 fixed at 1.0 0.60 ± 0.20 35.2 ± 2.9 1.45 31.9 ± 5.4 3.726 ± 0.079 0.78 ± 0.20 35.0 ± 1.6 1.51
150626636 505 fixed at Ω/2pi = 1 33.4 ± 31. fixed at 1.0 uncons 42.1 ± 18. 1.23 uncons 3.26 ± 0.25 uncons 42.1 ± 15. 1.24
150626643 501 fixed at Ω/2pi = 1 22.4 ± 4.1 fixed at 1.0 1.22 ± 0.31 38.3 ± 2.8 1.47 18.3 ± 2.7 3.69 ± 0.18 1.49 ± 0.33 38.2 ± 1.3 1.47
150626652 110 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 56.1 ± 17. 1.12 uncons 5.09 ± 0.20 uncons 56.8 ± 15. 1.13
150626685 399 fixed at Ω/2pi = 1 14.0 ± 1.3 fixed at 1.0 2.32 ± 0.31 72.7 ± 1.8 1.31 13.2 ± 1.6 4.46 ± 0.25 2.19 ± 0.45 72.7 ± 2.6 1.31
150626724 40 fixed at Ω/2pi = 1 16.8 ± 8.5 fixed at 1.0 2.3 ± 1.5 76.9 ± 21. 1.36 14.7 ± 7.1 4.6 ± 1.6 2.5 ± 2.0 77.2 ± 26. 1.36
150626751 54 fixed at Ω/2pi = 1 21.8 ± 15. fixed at 1.0 1.3 ± 1.2 63.8 ± 29. 1.14 uncons 4.52 ± 0.58 uncons 63.9 ± 28. 1.14
150626766 108 fixed at Ω/2pi = 1 76.5 ± 37. fixed at 1.0 0.54 ± 0.36 23.3 ± 9.1 2.01 44.9 ± 6.8 3.92 ± 0.19 0.88 ± 0.24 21.6 ± 1.5 2.10
150626773 434 fixed at Ω/2pi = 1 23.3 ± 1.4 fixed at 1.0 1.58 ± 0.12 24.26 ± 0.39 1.66 18.80 ± 0.96 3.67 ± 0.12 1.91 ± 0.13 24.02 ± 0.26 1.68
150626781 500 fixed at Ω/2pi = 1 23.3 ± 1.9 fixed at 1.0 1.59 ± 0.16 20.20 ± 0.28 1.47 19.8 ± 1.4 4.05 ± 0.13 1.77 ± 0.18 20.09 ± 0.33 1.49
150626788 36 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 40.8 ± 8.2 1.01 uncons 9.4 ± 2.9 uncons 41.0 ± 3.8 1.01
150626822 514 fixed at Ω/2pi = 1 16.5 ± 1.5 fixed at 1.0 2.87 ± 0.38 14.94 ± 0.52 1.27 14.2 ± 1.4 4.20 ± 0.58 3.14 ± 0.58 14.81 ± 0.49 1.27
150626829 317 fixed at Ω/2pi = 1 14.4 ± 1.1 fixed at 1.0 3.11 ± 0.49 15.18 ± 0.38 1.12 14.1 ± 2.4 6.37 ± 0.60 2.39 ± 0.77 15.0 ± 1.1 1.13
150626844 505 fixed at Ω/2pi = 1 21.3 ± 1.3 fixed at 1.0 2.30 ± 0.18 13.71 ± 0.24 1.37 18.7 ± 1.2 4.75 ± 0.27 2.33 ± 0.24 13.63 ± 0.26 1.38
150626851 93 fixed at Ω/2pi = 1 21.7 ± 1.6 fixed at 1.0 2.54 ± 0.28 14.53 ± 0.37 1.06 21.1 ± 2.2 5.99 ± 0.46 2.07 ± 0.37 14.54 ± 0.44 1.06
150626888 726 fixed at Ω/2pi = 1 27.0 ± 2.7 fixed at 1.0 2.58 ± 0.31 6.64 ± 0.51 1.12 21.9 ± 1.8 3.68 ± 0.75 2.98 ± 0.38 6.54 ± 0.24 1.10
150626896 593 fixed at Ω/2pi = 1 34.7 ± 4.9 fixed at 1.0 1.92 ± 0.29 7.0 ± 1.3 1.17 25.2 ± 2.3 3.46 ± 0.59 2.45 ± 0.29 6.77 ± 0.26 1.17
150626903 462 fixed at Ω/2pi = 1 54.1 ± 15. fixed at 1.0 1.60 ± 0.42 6.1 ± 2.2 0.87 43.5 ± 9.1 4.64 ± 0.68 1.63 ± 0.37 5.99 ± 0.51 0.88
150626910 65 fixed at Ω/2pi = 1 31.1 ± 1.4 fixed at 1.0 2.24 ± 0.11 17.82 ± 0.85 1.32 24.35 ± 0.91 3.62 ± 0.28 2.63 ± 0.13 17.35 ± 0.28 1.34
150626918 70 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 31.2 ± 10. 1.05 uncons 8.32 ± 0.36 uncons 30.6 ± 11. 0.99
150626957 378 fixed at Ω/2pi = 1 46.4 ± 13. fixed at 1.0 1.20 ± 0.41 7.0 ± 2.9 1.32 30.4 ± 4.0 2.06 ± 0.86 1.85 ± 0.26 6.97 ± 0.73 1.30
150626979 424 fixed at Ω/2pi = 1 80.3 ± 49. fixed at 1.0 0.78 ± 0.67 7.5 ± 2.9 0.94 uncons 6.53 ± 0.43 uncons 7.6 ± 3.4 0.94
150626989 251 fixed at Ω/2pi = 1 uncons fixed at 1.0 uncons 3.97 ± 0.32 1.11 uncons 5.47 ± 0.63 uncons 3.8 ± 1.2 1.11
150627023 559 fixed at Ω/2pi = 1 26.4 ± 1.4 fixed at 1.0 2.32 ± 0.16 13.17 ± 0.25 1.71 23.0 ± 1.3 5.00 ± 0.31 2.30 ± 0.20 13.04 ± 0.26 1.73
150627030 491 fixed at Ω/2pi = 1 35.7 ± 3.1 fixed at 1.0 2.26 ± 0.20 9.1 ± 3.8 1.09 26.5 ± 1.5 3.07 ± 0.61 2.79 ± 0.21 8.79 ± 0.33 1.10
150627038 348 fixed at Ω/2pi = 1 32.6 ± 4.6 fixed at 1.0 2.97 ± 0.53 6.9 ± 2.1 1.26 26.5 ± 3.1 3.8 ± 1.7 3.20 ± 0.62 6.77 ± 0.45 1.26
150627047 506 fixed at Ω/2pi = 1 44.7 ± 6.6 fixed at 1.0 2.13 ± 0.32 6.92 ± 0.38 1.66 34.1 ± 3.7 4.49 ± 0.78 2.35 ± 0.32 6.60 ± 0.34 1.65
150627054 217 fixed at Ω/2pi = 1 49.9 ± 9.4 fixed at 1.0 2.13 ± 0.41 9.86 ± 0.77 1.28 41.6 ± 7.4 6.3 ± 1.1 1.96 ± 0.44 9.50 ± 0.66 1.28
150627082 408 fixed at Ω/2pi = 1 28.0 ± 4.3 fixed at 1.0 2.50 ± 0.56 7.78 ± 0.48 1.33 29.3 ± 7.3 7.2 ± 1.0 1.71 ± 0.69 7.84 ± 0.78 1.32
150627091 377 fixed at Ω/2pi = 1 47.9 ± 16. fixed at 1.0 1.29 ± 0.59 6.6 ± 1.1 1.55 58.7 ± 50. 8.51 ± 0.66 uncons 6.8 ± 3.1 1.54
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Table 2 (continued)
bn Dur Reflection amp.a e−1 Temp.a Seed γ Temp.a Optical Depth a Luminositya,b χ2/dof e−1 Temp.c Seed γ Temp.c Optical Depth c Luminosityb,c χ2/dof
[s] [keV] [keV] 1037[erg cm−2] [keV] [keV] 1037[erg cm−2]
10-1000 keV 10-1000 keV
150627162 192 fixed at Ω/2pi = 1 42.7 ± 3.0 fixed at 1.0 1.90 ± 0.13 9.06 ± 0.97 1.15 31.9 ± 1.5 3.61 ± 0.32 2.24 ± 0.13 8.70 ± 0.19 1.13
150627978 49 fixed at Ω/2pi = 1 36.5 ± 4.7 fixed at 1.0 2.42 ± 0.31 uncons 1.16 26.9 ± 2.4 3.32 ± 0.96 2.98 ± 0.38 5.03 ± 0.26 1.18
a REFLECT*CompTT model
b (10-1000 keV)
c CompTT model
